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OBJECT OF INVESTIGATION 

At the close of “orld "ar Il, Allied scientists 
screening German technical pspers reported the results of 
an experiment performed on basicelly « free vortex. This 
experiment wes carried on by e German physicist, Rudolph 
Hilsch, in which he reported wide variations in total 
temperatures. This phenomena of totel temperature varisc- 
tions is not in sccord with clessical free vortex theory. 

The primary endeavor in this investigstion was to 
design apperetus with which to attempt e reproduction of 
Hilsch's resuits. It was desired to heve this design of 
such proportions ené flexibility thet a fundamental study 
of this phenomena could be carried out. Furthermore, with 
results obtaineGd in experimentation « comparison could he 
made between these results and the prediction of clessical 


free vortex theory. 


«PPARL TUS 

The first problem encountered wes = method of producing 
a vortex of considerable strength. To produce «= strong 
vortex, three nozzles designed for = Mach number of one, 
were spuced syumetrically cround the periphery cf a pipe 
in such positions that the centerlines of the nozzles would 
be parallel to the tangents of the pipe. This arrengement 
wes desired in order thet the flow would enter the pipe ten- 


sentially. The nozzles were designed with cn crbitrery weight 


BUS 


flow end pressure that was #vailable from the lehoretory 
compressor. A two inch diameter pipe was chosen since it 
wes felt that this size pipe would be sufficient to pro- 
Guce a strong vortex snd allow edequste instrumentction. 
An erbitrary length of three feet of pipe wes selected 

and the nozzles were pleced two feet from one end, which 
would allow some degree of flexibility in thet the vor= 
tex could travel different distences within the pipe. An 
end test plate with static pressure and thermocouple taps 
on the same redius was designed to be fitted to sither 

end of the pipe. The end test plete had s small hole at 
the center of the plate to allow the air to discharge. 
Originelly, it was felt thet by placing dises of various 
Gismeters in the pipe on the opposite side of the nozzles 
with respect to the end test plate, a separation of flow 
could be effected; that is, the air «t the periphery would 
be drawn off at one end of the pipe and the core air would 
be discherged through the end test plete at the other end 
of the pipe. However, it was found that sub-etmospheric 
pressures were developed at the core snd consequently 
atmosphere cir was drawn in through the end test plate 
with this configuration, This made it necessery to design 
&@ plug which wouléc force the flow through the test plate. 
With flexibility of design in mind, the flow divider, and 
subsequently the plug, were atenohed to the end of é@ sup> 
ported rod which would ellow positioning at varying distances 
from the nozzles. A section of the two inch pipe «et the 


nozzles was enclosed within a manifold which served es 4 


receiver of the supply pressure from the compressor. To 
fecilitate further instrumentetion taps were drilled through 
the outside of the pipe between the nozzles end the end 

test plate. A Bourdon Pressure Gage wes located on the mani- 
fold. During the course of experimentation it was desired 

to obtain deste in close to the nozzles. A plug was adapted 
to take total temperature, totel pressure, and static pressure 
on the same radius, See Plates I, II, III, and IV, 

An edaptation of a vortex valve designed by Professor 
Neil FP. Beiley, head of the Mechenicsl Engineering Deperte 
ment of Rensselaer Polytechnic Institute, was used which 
permitted better instrumentetion of the core phenomenom. 

The essentiel difference in the epparatus was the method in 
which the vortex wes induced. The vanes were set at an engle 
of ten degrees with the tangent, end air from a receiver 

was directed throvgh the venes around the periphery of 

pipe. Static pressure taps were located on the back plate 

to which the vanes were atteched. This appsretus was 
mounted on & léthe bed, which made it possible to rigidly 
mount and center precisely a thermocouple end pressure tubes. 
It wes found that when making center traverses, it was ahb- 
solutely necessary to stey at the center of the pipe, since 
any devietion from the center pleced the instrument in the 
whirl of the vortex, causing it to vibrate violently. 


The thermocouples used in this investigation were 


shielded Chromel vs Alumel. For the nozzle incuced vortex, 


the totel pressure plug edapter was designed by means of 


& pecking nt so thet én imoxet tube could be reteted for 


the oeximum aressure readinge See Plate IV. 


le Conetent totel energy. 


ie Heveraibility. 
Se Centrifugol forces ere talaneed by « retical’ 
pressure gredient. 
With the foregoing sesumptions sné for the case of & 
eoupressible sedium with ne redicl flow, « free vortex can 


he shown to tbe eheracterized by vr = constituent. 
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& force belance gives 
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From the genersl energy equrtion, the statement thet 
the totel snergy is constant is, 
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Also, for « reversible change, 


(8-1) Gp = af ---~----~---------~- manana (4) 
ilies eatin 
Combining (1) with (3) 
ap = _F yv GP tenn nnn nnn en enn nn wnnwn= (5) 
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Bliminating (aT) between (2) and (4) 


éT = TI¥-1) GP = -(y-1) vav ----- a ~--(6) 
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Solving (6) for dP 
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Solving (7) end (1) 
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Equation (&) says 


iS = ern IT a APE NO --(9) 
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or thet 
vr - eonsitant ae an a oe. <2 OP Oe ee Oe Oe oe weno ee==-(10) 


At the center when v = 0, equation (10) inplies thet 


the velocity isc infinite end from the equation 


Po/P = [25 vies 
“E Yer 


& pressure of absolute zero is demanded et the center. 


* This equation taken from "Thermodynemics of Air at 


High Velocities” by Neil }. Bailey 
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DISCUSSION OF RESULTS 

Preliminary investigations with various diameter flow 
dividers, revealed sub-atmospheric pressures «6t the center 
of the end test plete. This meent that the flow wes not 
discharging through the half inch dismeter exit at the end 
plete,and necessitsted designing e snug fitting plug which 
covuldG be positioned «t the nozzles, thus forcing the flow 
to discharge through the end test plete. ¥Fith the plug in 
position, thermocouple probes at the end test plate revealed 
a Grop in total temperature from the outer dismeter to the 
center of considereble magnitude, which was not obtained 
with the originsl design idea of flow division. In an ef- 
fort to obtein s picture of the temperature and pressure 
veristion along the leneth of the pipe. taps were Grilled, 
through which meesurements coulé be taken. ®ith this 
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set-up, dete for curves number 1] end number & were obtained. 
A&A diameter traverse showed e@ smell drop in tote] tempera- 
ture at the outer redii, with &@ much greater drop in to- 
Wards the center. The lowest temperature was at the center 
of the pipe. Lismeter traverses «t the other taps guve the 
same genoré] totel temperature trend. a significent temp- 
erature éifference between taps at the seme outer radii 

wes noted, with the difference becoming less in towards the 
center. ¥F¥or an incoming total temperature of 101° F, the 
center total tempereture veried from 73° F at the cuter 


tap, to 68° ¥ at the tap necrest the nozzles. It is of 


interest to note that the total temperature «t the outer- 


mest ri. dius veries from 8° F above the inconsing teapereture 
at the outer tap, to 11° ¥ below the inconing tempers ture 
at the tap .earest the nozzles. It aust be pointed Sat thet 
With thie method of instrusentetion in which the thermocouple 
is traversed through the flow, the phenomene under investigs=- 
tion is altered sy the pr es@ nce of the thermocouple. This 
Wee wory obvicus, evidenceé by « distinct changs in sound 
&g the treverse wos taken. Thie proteably ccoounts for the 
unsyametricel resdinge. However, it is felt thet thie would 
inciceta the general trend, but woulc limit the reliability 
of the resuitse. Attempts acde to check these rendings by 
probins through the end test plate slone the length of pipe 
were unsuccessful, dus to the vilretions eet up by the whirl 
of the vortexe | 

A poseible oxplanstion of this totel temperature veria- 
tion might »6 given hy considering thet et ony tise e« velo- 
city or tesperature gredient exists in en <etusl gca, the 
“transport phenomena” of Viscosity ané thermil conduction 
6rF6 present. « the air first lesves the nozzles ond spirals 
in. tawerd the center of the pipe, which wes orginslly et 
&Stuespherie pressure, © velocity eredient is establiched. 
Bue to this velocity gradient « viecoue “orcs exists. 
This viseous forse is « function of the chenge of somentum 
which takee plece between adjacent leyere of cir tro veling 


at different velccities. Yherefors, ork is done and 
energy cen be thoucht of as being trensported from the leyer 
of higher velocity air. By the mechanism of thermal conduction 
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e pert of tails energy trensferred cen be thousht of es 
epp2ering in the form of thermal energy ia tue «adjacent ileyer. 
Sines totel tempereture is « measures of the energy of a syaten, 
end the l: yer of sir traveling et tae higher velocity hes 
given up some of its energy, it follows thet tne totel temp- 
ereture of this leyer would be reducede A feir assumption 
would be to consider thet the redial forces are balenced, 

which would ciseount the affect of mess diffusion. if the 
velocity is increasing in towerd the center of the vortex, 

the overesll effect of the viscous action would become greeter, 
whieh eceounts for the lowest tenper ture cecuring «t tus 
eantar of the pipe. As the flow trevels down the iength of 
pips, «né es long es the viseous forees continue to cet, the 
totel temperaiure «et tae center would decreése cand the tote] 
temperstare et tas outer redii would increase. *F8ita sora 
Viscous work being done et the center, the velocity would 
éecrease fester et the center than et tas outer rediie If 

en idesi ecse is considereé with no friction from the pine 
well, and the viscous forees ere dissiveted, it is conesive ble 
thet @ stete approeching constent enzuier velveity would 
resuit, in shich there wou ¢ be no stetic tempersture gredient. 
However, this would stili ellow tne existence of ths totel teap- 
ereture sredient. <Actuelly, the friction of the wall wiil de- 
crease the velocity et the outer rediil, thereby reising the 
stetic tampereture st t.ose rediie As this process continues 


thermel energy would be trensported heck to the center. 
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Gventuelly, the enguler velocity would be reduced to zero, 
et whicn time « total temperature grecient wouid no longer 
exist. This souid represent the life ecycla of the vortex. 
From the plot of curve nusber 2, it is soted thet tus 
lowest Sotel t-aperature ws aot sesiacatainel nl ta2 s6n0 bitin 
tence froa the nozzles es wes the hichast total tenmreretare. 
This would seem to contredict the theory as presented, in 
thet the theory woulé ef1: for the maximum ené aininus 
totel tommneraturs to oecur et the sems distence from tae 
nozzles. Upon investigetion, sub-ctmospheric »ressurss 
were getected et the exit of ths and test plete. Tris 
woulc mecnm th: t S@tmospherie €ir ses being puaped beek inte 
the oipe, and, consequently, the taercocoOunia would read «& 
ve.ue thet wes & function of the <ixture of the eold eir anc 
the warm room sir et the canter of the pipe. the better 
instrusentation possibilities «cvelileble with tae vene indcuesd 
vortex eppéreius e.iowed én investigetion of tis effect. 
Thess resuits sere given in the deta eonteined in table nun 
ber 9 end plotted es curve number 9. in én effort to dee. 
termine how fer back into the esater of the pipe room sir 
wes being pumsed, three tyres of pressure tabes sere cssigned. 
Wits these pressure tubes it wee felt tact the direction 
of the eir flow ai the eenter of the pipe could te éater- 
mined. if e centar treverss were texen with an onen-endéed 
tube, end tae flow were disehr?Peing out of the center of the 
pine, & reeding epproeching totel eressure would te obteined. 


Uowever, if the flow were reverssd, es would be the cese in 
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a pusping action, the reading obtsined would approsch s 
velue less than static. If these meesurements are compared 
with the meesurements taken with an open-ended tube with a 


180° bend, the direction of the flow is indicated. A 
static pressure center traverse wos élso taken to confirm 
tee conclusions. It was confirmed thet «4 reverse1 of flow 
direction was occurPing at the center with room air being 
pumped into the center of the pipe. With the evaileble 
tubing meterial, even though the tuhes were firmly sachored 
and eccuretely centered, it was not possible to investigs te 
the pumping effect beyond @ distance of three inches from 
the discherge end of the pipe. Agein, instru entation 
aéifficulties were caused by the whirl of the vortex. The 
effect of this pumping on the total temperature «et the center 
of the pipe wes determined by plincing « shield near the exit 
which prevected the pumping action. The shield wes free 

to assuce on equilibrium position, ang thue it was felt 
that its only effect wus to stop the pumping ection. 

on the first etiempt to study this effect, ths thermocouple 
did not fit snugly in the hole et the center of the shield, 
and the shape of the totel tempereture center traverse 
curve wes not affected by the presence of the shielé. 

« shield then was tried in which the thermocouple did fit 
snugly, nd this tixe the lewest totel temper«eture recorded 
wes not affected epprecisbly; but this low temperature 
existed for a grecter distcnce, and the temperature did not 


increase to ¢s high en exit value «s in tie case without a 
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shield. These results are civen in table number 8 «nd 

plotted as curve number 8. The exit total temperature without 
the shield was 74° F and with the shield the totel tempera- 
ture wee 53° ¥, Therefore, it seems reasonable to azsune that 
pumping action could account for the apperent contradiction 

+O the theory as resented; thet is, without this ¢umping 
action, the center treverse plotted on curve number 2 would 
heve decreased instead of incressed. 

From the theory as presented the lowest tommeadune 
detected would be a function of the intensity of the vortex, 
If the incoming total pressure is reduced the entering Mach 
number will be reduced. Henee, the strength of the vortex 
will decresse, This Wes substantiated by varyine the totel 
pressure forming the Wene-induced vortex. These results are 
given in table number 6 and plotied as curve number 6. 

With an incoming total pressure of 51.6" Hg «hsolute, the 
lowest totel tempereture detected wes 32° F, while with an 
incoming total pressure of 40.7" Hg absolute, the lowest total 
temperature was 65° F. 

Stetic pressure measurements were taken et the vane plate 
for different incoming total pressures. It is interesting 
to note their veriations, but this data appears to be of no 
particular use at this time. These results are given in table 
number 7 and plotted as curve number 7 for possible future USE» 

It would be of great interest to know the Mach number in 
& vortex st the different radii as it develops, travels down 
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the pipe, and as it begins to dissipate. It is realized thet 
6m Gocurate determination would be most difficult because 

of the nature of the flow and its accompanying instrumen< 
tation problems. As Was pointed out previously, the slightest 
probing altered the nature of the flow, evidenced by a distinct 


change in sound. Furthermore, any measurements obtained would 


be some function of the vortex flow and the flow component as 
the vortex travelec down the pipe. #ith these cifficulties in 
mind it was felt that perheps a tren¢ of the Mech number versua 
radius could be found. A diameter traverse was made on the 
Gischarge side of the nozzles with an impect tube, and the im= 
pect tube was rotated until © maximum totel pressure reading was 
obtainsd. Static pressure wes determined by rotating the 
impeect tube until the minimum reeding was obtained. it is 
fully realized thet these pressure readings would be conei-~ 
Gerably lower than the actuel static pressures, due to the wake 
eround the impact tube eauscd by the flows. The results of 
this investigation ere given es « part of tahle 5 and plotted 
as dni of the curves ealiierss 5. The data is given only for possible 
future reference, 

During the course of this investigation, a ring formation 
wes noted on the se:l used to foree the flow to discharge 
through the end test plate. The ring was formed by the oil 
present in the supply aire In present day free vortex theory 
an infinite velccity is implied at the center of the free 
vortex. If the flow velocity could appreech infinity et the 


center, it would first have to so through a Mech number of once 
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There io mo apperent mecheniem in « free vortex thet would 
@liew the flow to exeeeé sonic velocity. ith thie in mind 
it was thought th: t posaisly the ring represented the point 
at which there wes « discontinuity of flew, <né where the 
Mech number of the vortex eoulé not sxseecdé unity. This ring 
is shown in « photograph on page2d, Agsin, instrumentetion 
presented «= problem, tat «= re-design cf the seal plug on 
which the ring appecred was possible. This would not disrupt 
the flocs to the extent of thet resulticg from « dlemeter 
treverse. This re<éecign isc shown on plete number 4. To 
etudy this ring formation the following preeecure wee used. 
The sexl plug wes removed ené covered tit: a siutere ef hone 
Black and gil, repositioned, eng the incomisasg totel pressure - 
raised to a perticular velues The length of tine thet tee ) 
pressure wee acinteinsd wee verieé. Then the preseure valve 
wes taernedé off, the eeal sige removed, cad ti ring formation 
observeé. 3y this proceedure {t was found thet the ring 
formetion first eppesreé ct .6 inshea from the nozzles ond 
eoulig not be produced beyoné 1.26 inches from the nozzlese 
The dismeter of the ring varied in size, Gepencing upon ths 
distance the serl slug ie sPny fron the nozzles, ‘The ring 
diameter «t «5 inches from the nozzles ese 1.575 inches, 

ead the ring @ismeter ct 1.25 inches fron the mogzles se 
0574 inches, This data is given in teble suater 4 and 
plotted «s curve nucber 4. ‘The position of the seal plug 
wes verleé eatil the dieseter of the ring wes such thet 
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measurements of total and static pressures could be made at the 
ring and on either side of the ring. It must be pointed out 
that a di’ference of flow pettern exists, in that the flow set- 
up is not on the discharge side of the nozzles, as has been the 
case in all previous investigations. VLonseauently, no justifica= 
tion is at hand for predicting thet the same conditions exist 
on the discharge side as Were present to produce the ring. 
Velocity determinations did not support the idea that a 
Mach number of one occurred at the ring. in fact a complete 
reversal of trend Was shown With the velocity decreasing from 
the outer r:dii to the ring, as is ssen from data given in 
table 5 and plotted as curve 5. 
It is felt that some correlation may exist between the 
Ting and the core of free vartices produced by nature. Cores, 
or calm areas, are known to exist in tornadoes, whirl pools, and 
hurricares; but their velocity gradients increase towerds the 


center. No further explsnation is offered at this time. 


CONCLUSIONS 

Present dey free vortex theory did not predict the re=- 
sults of this investigation. ‘then one considers the assump- 
tions upon which present day free vortex theory is based, 
some degree of variance might well be expected, but the mag=- 
nitude of this varience is surprising. 

In the present day theory reversibility, constmt totel 
energy end e radisl force bulance ere acsumed; but the 


"“trensport ihenomens" of viscosity and thermal conduction are 
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neglected. Uven if thse process is not considered reversible, 
end the total energy rem ins constant, but the two "trense 
port phenomene"” are not considered, no echenge of inten teniier. 
ature would be expected between leyers of cir in « free vor- 
tex. Considering the effect of the two “trensport phenomene”" 
of viscosity end therae1 conduction, & cuelitative ansiysis 
wiieh accounts for the verietion of totel tempereture hes been 


presented in the discussion of this thesis. 


SUGGESTIONS FOR PULURE iy SStiGsrion 


4 prim: ry consideration in regerd to future study shouid 
be the problem of instrumentation. is was pointed out, di- 
ameter treverses csuse « considereble change in the flow being 
studied. Center iine traverses did not eppesr to «lter the 
flow eppreciebly, end consequently, the results of « center 
treverse cre felt to be more relicblie. It is strongly re- 
commended thet some asthod of firmly cnchoring and precisely 
eentering any probing instrusent be used to deecreese the ef- 
fect of the vibri tions ccused by the whirl. 

tas length of pipe necessary to reech the mexinun totel 
temperature cnd the miniaua totel tempereture should be dster- 
mined. A further check on the thsory would be hed if the 
meximum end minimum occurred et the sem dist:nee slong the 
pipe. 

It is felt thet if the Meech number «t different radii 
of the vortex eould be estublished, considereble light would 


be thrown on the subject. 


Before eny definite conclusions eon be @rewn, the overs 
ell effect of the pumping eetion should be clearly deternined. 

It wes found thet by secling the exzit of the oné test | 
plete, thus forcing the entire fiow «t the opposite end, < a ‘! 
free of «ny restrictions, the outside tempereture on the ead | a 
“test pli te side of the nozzles beceme notice:dly warner thea 
under the seteup by which date wes obtained for curve number ax 
The results of « diemetor traverse ere given in teble nucber 3 
ané plotted es curve nucber Se it is striking to note thet it . 
eech redii, the totel temperatures were ebove the incoming tot 
tempere tures entering the pine. Time did not permit « ree 
design of tae epperatus waieh would bh: vo beam necessery to 
determine the fectors producing this effect. 
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TABLE NO. 1 and NO. 2 


Pipe sealed at nozzles causing flow to 
discharge through test plate. 


Tap Noe 1 + 10.81 inches from nozzles 
Tap No. 2 = G.19 inches from nozzles 
Tap No. 3 =- G6e51 inches from nozzles 
Tap No. 4 = 5e55 inches from nozzles 


Manifold Pressure 60 psi Gage 
Menifold Total Temp. 101°F 


Distance Along Tap #1 Tap #2 Tap #3 Tap #4 
Diam, of Pipe- To =. T T 


° °o 2] 
Inches Op OP OF op 
0,0958 109,90 107.0 94.5 90,9 
0.3544 107.0 104,90 93.0 835.0 
0.594 104,09 105,0 93.0 8549 
0,844 950 91.5 90.0 8265 
1.094 7305 74,0 68.0 66,0 
1.544 96,0 95.5 94.5 90.9 
1.844 102,0 100.0 98,5 91,0 
22060 104,09 103.0 39,5 9505 


TEST PLATE DATA 
Test hole No, 1 ,61 inches along diameter of pipe 
Test hole No. 2 .355 inches along diameter of pipe 
Test hole No. 3 .08 inches along diameter of pipe 
Note: Test Plate is 12 inches from nozzles. 


Distance along diam.of pipe - inches .08 .35 .61 Center 
Total Temp. °F 109 105 96 46 


Test Plate on opposite end of pipe-Distance from nozzles 24 in. 


Distance along diam.of pipe - inches .08 .35 .61 Center 
Total Temp. OF 93.5 90 85.5 34 
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TABLE NO. 3 
Test Plate sealed causing flow to 
Gischarge eat opposite end. 


fap Eo. 1 “ 19,81 inches from the nozzles 
Tap Now 6 = G51 inches from the nozzles 


Henifold Pressure 60 psi Gage 
Manifold Total Tem. 96.5° FP 


Distance Along Dler, oi #1 fap #3 
of pipe <- inches To ¥ 
OF OF 
0.0938 135 .0 128.8 
00344 134.4 126.0 
0,594 133.43 124,09 
0.844 129,5 121,0 
1.094 126.0 118.8 
1,344 128.42 119.7 
1.594 132.7 122.0 
1.844 132.7 125.0 


2.069 133.0 | 126.5 


TABLE NO, 4 
RING PORMATION DATA 
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Test Plate in position opposite end 


sealed off at varying positions. 


Bone Black and O11 Mixture used 


as tracing medium. 


Manifold Pressure 60 psi Gage 


Distance of Seal Diameter of 
away from nozzles ring - inches 
in inches 
8) oo 
2i25 = 
«25 ~ 
2075 oo 
250 1.575 
2625 1.375 
275 1.312 
#875 1,25 
1.000 1.065 
1.125 1.000 
1.25 0.875 
1.375 0,000 
1.875 0,000 


# See photograph in discussion 


Renarks 


No ring 
No ring 
No ring 
No ring 


Ring unstable 
No ring appeared 
No ring 
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TABLE NO. 5 


Nozzle induced ring formation determination 
of Hach Number with respect to rings. 


Date obtained from instrumentation seteup on 
dise where ring was fomeed. The disc was used 
to foree the entire flow to discharge thru the 

rend Test Plate. 


Distance Along Ps AbSe Po AbS « Po/Ps i 
Radius - Inches "He Hg 
«9 5305 65« 1.195 2525 
074 Slee 58.7 1.148 +450 
«64 50 el 5265 1.066 «300 
ede GO ed 5120 12040 257 


240 £9.46 49.9 1.007 «080 


Determination of Mach KRumber at 6.35 inches 
away Prom nozzles. 


Data obtained on the discharge or end Test 
Plate side of the nozzles. 


Distance Along Ps ADS. P. AbSs P M 
Radius ~ Inches "Hg Hg of Pg 
2936 50.8 56.8 1.12 «406 
0456 46.45 SZel 1214 0437 
21.89 BGel 46 1 1.28 2605 
0 - sacl 1 2fS 297 


At r= 0 an average of three readings 
was taiten. 


21. 


TABLE NO. 6 and NO. 7 


Measurements taken without exit shield, 
Barometer Reading 30.10 "Hg. 


Incoming Total Temp, 96°F 


x 2 
Pressure Ratio Available inches op 
For MH # .810 0 30 
Po 54.7 "Hg Abse a on 
Py-Pp 3561 "Water 1.5 30 
3 mn He Be 2.5 32 
Ps 28.2 "Hg Abse 3.5 33 

Pe 28.9 "Hg Abs. 4.0 37.5 
4.5 43 
5.0 51.5 
5.5 65 
6.0 74 
Incoming Total Temp. 104°F 

x = 

Pressure Ratio Available inches oF 
For B= ,751 
3) 40 
Po 51.6 "Hg Abs. D = 
Py-Pp 29.6 “Water 1.5 53 
Pz 34.9 "Hg Abse ao — 
Pg 27.5 "Hg Abs. 3.0 38 
Ps 28,4 "He ADSe = = 
v . 

5.0 61 

5.5 bed 
6.0 74 


Pressure Ratio Available 


TABLE 10. 6 and NO. 7 


For MW & ,676 


Py-Pp 22.8 
Ps 28.1 
Pe 28.5 


Pressure Katio Available 


For M # 
Po 40.7 
Py ~Po 16 e 8 
Ps S266 
P4 28.9 
Ps 29.45 
Pe 29.6 


“He Ab&s 
"Water 

"He AbSe 
"He AbS~s 
"He Abs. 
"He AbSs 


2548 


"Hg Abs, 
"Water 

"He AbSs 
"He Abs. 
"Hg AbS.» 
"Hg AbGs 


(Gont'd.) 


Incoming Total T 


226 


TED 105°F 


Incoming Total Temp. 105°F 


x 


inches 


TABLE NO. 8 


VANE INDUCED VORTEX 


256 


Temperature traverse along center of pipe 
without and with shield over end of pipe. 


Distance Along 
Pipe in Inches 


Unshielded 
P.@ 51.6 “lg Abs. 


" 


T.,.jin = 104°F 
otal i" 


40.0 
33,0 
33.0 


Shielded 
a 52 "Hg a 
(Ba) tn a Toser 
Totai Temp 
OF 


3540 
Sle 

SLeO 
31,9 


24. 


VARE INDUCED VORTEX ~ No Shield 
Pressure traverse along center of pipe 


Three types of pressure tubes used, 

Ll. Straight tube with open end, 

2. A static pressure tube. Straight 
tube, closed end, pressure hole 
3/4" from end. 

3. A tube with a 180° bend, open end, 


A = 0 at vanes 


Distance Along Straight Pipe 180° Bend Static 
Pips = Inches Open End in Pipe Pressure 
Xx "He ADS. "He Abge Tube 
"He ADSe 
6.0 2345 29.1 2944 
5.5 2691 28.1 27 25 
5.0 S5_7 27 el 26435 
4.5 2469 26.43 2567 
4,0 OaeS 2549 S5ed 
Sed Zoe? 25.5 24,45 
3.0 2347 24.5 2441 
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NOZZLE INDUCED RING FORMATION 


This ring formed on dise used to seal off 
pipe forcing sll the air to discharge 
thru Test Plate. 


Distance from Nozzles 0.50 Inches 
Diameter of Ring 1.375 Inches 
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